The potential application of surface-enhanced Raman spectroscopy (SERS) was investigated to detect Salmonella Typhimurium and Escherichia coli. The silver colloidal suspension with optimum optical characteristics was obtained for SERS detection. The SERS spectra were collected the wavelengths from 500 to 1200 cm -1
I. Introduction
Recently, the detection of foodborne pathogenic bacteria has been extensively focused on developing new alternative and rapid methods.
The new detection methods include modified and automated conventional methods, bioluminescence, cell counting methods using flow cytometry or direct epifluorescent microscopy, impedimetry, immunological methods, and nucleic acid-based assays (Fung, 1995) . salts and lipids (Fung, 1995; Shriver-Lake et al., 2007) . Therefore, a considerable amount of research has been conducted to develop new rapid methods for the detection of foodborne pathogenic bacteria (Fung, 1995; de Boer & Beumer, 1999; Shriver-Lake et al., 2007) . The desirable methods should be more practical and reliable, regarding specificity, sensitivity, and detection time.
As one of alternative detection methods, Raman spectroscopy may be an useful technique for "fingerprinting" of foodborne pathogenic bacteria (Kneipp et al., 2002) . One disadvantage of ordinary Raman spectroscopy for bacterial detection was the inherent low sensitivity (Kneipp et al., 2002) .
However, the sensitivity of Raman spectroscopy was significantly improved by using surface-enhanced Raman spectroscopy (SERS) (Kneipp et al., 2002) .
Silver or gold colloidal particles are commonly used to produce the SERS spectra, and SERS method possesses a great potential for rapid and sensitive detection of foodborne pathogenic bacteria. Several research groups introduced the SERS to detect
Escherichia coli species (Efrima & Bronk, 1998; Efrima et al., 1999; Zeiri et al., 2004; Sengupta et al., 2006) . reported very subtle quantitative differences in the SERS spectra between Escherichia coli and Enterococcus species.
However, as compared to the extensive SERS research on E. coli species, the research on SERS for Salmonella species is very limited. Montoya et al. successfully collected the SERS spectra from S.
Enteritid, using an antibody conjugated with gold colloids (Montoya et al., 2003) . Premasiri et al. (2005) reported the SERS spectra for both S.
Typhimurium and E. coli by using silver colloidal suspension and gold nanoparticle coated SiO2 substrate.
Despite the reports mentioned above, the SERS discrimination of Salmonella and E. coli has not been clearly resolved. Since it is of utmost importance to distinguish S. Typhimurium from E. coli, the objective of this research is to investigate the feasibility and reliability of SERS detection to identify and distinguish S. Typhimurium and E. coli. 
II. Materials and Methods

Preparation of silver colloid
An aliquot of 1 mM colloidal silver (Ag) suspension was prepared by dissolving 0.0169 g analytical grade of silver nitrate (Sigma-Aldrich Co., St. Louis, MO, U.S.A.) in 100 ml deionized water.
The solution was then mixed with 100 ml of 1% citrate (Sigma-Aldrich Co., St. Louis, MO, U.S.A.). 
Measurement of surface-enhanced Raman spectroscopy
The bacteria/Ag colloidal suspension was mounted under the objective lens of the optical microscope, and the specimen was excited using 442 nm line of Kimmon Electric's HeCd laser (Kimmon Koha Co., Tokyo, Japan). Micro-Raman spectroscopy was performed using a Jobin-Yvon's spectrometer (Triax-550, National Instruments, Austin, TX, U.S.A.)
with a thermoelectrically cooled charge coupled device (CCD) detector. The SERS spectra from the detector were successively collected with 1 min-scanning time. The spectral peak positions were calibrated using single crystal Si wafer as a reference.
III. Results and Discussion
UV-VIS spectrum of silver colloid
The silver colloidal solution with optimum optical characteristics for the SERS experiment was successfully produced and confirmed by the UV-VIS absorption spectrum of silver colloidal solution (Fig.   1 , based on the report that the SERS spectra of S. Typhimurium and E. coli exhibited the differences in the similar regime . It was also reported that the spectral range between 400 and 900 cm Table 1 , the SERS spectra for S. Typhimurium and E. coli were difficult to distinguish from each other, due to the very similar spectral profiles from both bacteria. also reported that the differences between the SERS spectra from S. Typhimurium and E. coli were very small. The SERS spectra for S. Typhimurium reported in this research were slightly different from the SERS spectra obtained by other research groups (Premasiri et al., 2005; . It was also found that the SERS spectrum for E. coli collected from the gold particle coated substrate was not correlated with the SERS spectrum collected from silver colloids (Premasiri et al., 2005) . Sengupta et al. (2006) reported that the maximum efficient ratio of silver colloid particles to bacterial suspension was 50:1 (10 6 CFU/ml). The authors also reported that the SERS spectrum of E. coli exhibited a significantly intensified signal at 1350 cm -1 with a detection limit of 10 3 CFU/ml in less than 10 min.
We were able to collect the SERS spectra with a short scanning time of 1 min, possibly due to the large bacterial population (1 ⨯ 10 8 CFU/ml) used in this research.
Time-dependent spectral evolution of SERS
The time-dependent spectral evolution of the SERS spectrum for E. coli is presented in Fig. 3 . The intensity of the SERS peak was increased as the spectra were sequentially collected. The increase in the intensity of SERS peak may be possibly attributed to the time required for the silver colloidal In summary, the characteristic SERS spectra were successfully collected from both S. Typhimurium and E. coli. However, the observed SERS spectra for both foodborne pathogenic bacteria exhibited similar profiles, not providing a clear resolution to distinguish between the two bacterial species.
Therefore, although SERS method can be used for rapid detection for S. 
